However, little has been published on the experiences of hospitals in Spain with regards to the risk factors associated with SSI after CABG. In our hospital, we have been monitoring SSI incidence, given feedback information and recommendations. However, SSI rates were completely unacceptable.
Introduction
However, little has been published on the experiences of hospitals in Spain with regards to the risk factors associated with SSI after CABG. In our hospital, we have been monitoring SSI incidence, given feedback information and recommendations. However, SSI rates were completely unacceptable.
The aim of this study was to describe the characteristics of the patients and procedures, and identify possible risk factors for infection of SSIs after CABG.
Sixty-five of the infections were superficial and 22 were organspace. All of these infections were identified within 30 days of the surgical procedure. The infections occurred in 68 males and 19 females, with a median age of 68 years. Seven of these patients were being treated for cancer, 57 patients were diabetic, 14 had chronic pulmonary disease, 32 had a history of ischemic heart disease, 14 had chronic renal insufficiency and 28 were active smokers.
The results of univariate analysis indicating those variables statistically associated with the development of SSI are listed in Table 1 .
The median time of prophylaxis administration was 25 minutes before incision but this was only written in 8 case-patients. The most frequent microorganisms causing SSI in these patients were coagulase negative Staphylococcus (37 patients), Staphylococcus epidermidis (18 patients), polymicrobian (8 patients) and Staphylococcus aureus (6 patients). The whole distribution of microorganisms and infection characteristics are shown in Table 2 . Cultures were either negative or not performed in 7 patients with SSI.
Sixty percent of cases and 55% of controls had a NNIS risk index score of 1; 32% of cases and 17% of controls had a score of 2 (P=0.0001). Patients with a NNIS risk score > or =2 were 2.6 times more likely to develop an SSI than those with a NNIS score < 2 (odds ratio, 2.6; 95% confidence interval, 1.3-5.1, P= 0.005).
In our report, twenty-two (25%) SSIs were deep or organ-space infections, corresponding to a 2% overall incidence. Nevertheless, these cases required prolonged antimicrobial therapy, additional surgical procedures and leaded to more complications and higher case-fatality ratio.
Several co morbidities and medical conditions have been associated with the development of SSI following CABG. Other investigations have also identified severity of illness as measured by the NYHA [9] .
In this study, we identified three independent risk factors for SSI following CABG on multivariable analysis. These risk factors are Any complication related to the CABG was routinely referred back to the cardiac surgeon. The classification of the depth of SSI was based on published criteria from the Centers for Disease Control and Prevention [10] . Stitch abscesses were excluded. Case-patients were defined as any patients with an SSI within 1 month of CABG. Those were, patients exposed to CABG who developed clinical evidence of infected presternal tissue (chest pain, purulent discharge from the surgical wound, redness), sternal osteomyelitis (chest pain, redness, purulent discharge from the mediastinum or purulent drainage, sternal instability, fever higher than 38°C), or mediastinal sepsis (redness, secretion, purulent drainage, fever higher than 38°C and leukocytosis) with or without positive mediastinal or blood culture. Superficial wound infection was defined as any wound infection confined to the subcutaneous tissue; and deep wound infection (mediastinitis) as a wound infection associated with sternal osteomyelitis with or without infected retrosternal space.
Control-patients were defined as patients exposed to CABG in the same centre who did not have SSI after 1 month of surgery.
For each case-patient, two control-patients matched by date of surgery who did not have a SSI were selected. If more than two controls were available per case, the patients with the times or dates of surgery closest to that of the case-patient were chosen as controls.
The medical records of case-patients and control-patients were reviewed to extract the following preoperative, intraoperative, and postoperative information: age, gender, smoking habit, calculated body mass index, underlying diseases and co morbidities, immunosuppressive therapy, functional class according to the New York Heart American Society (NYHA), left ventricular ejection fraction, surgeon, duration of surgery, use of cardiopulmonary bypass (CBP), aortic cross-clamp time, number of grafts, use of double mammary, prosthesis implanted, NNIS and ASA scores [11] , postoperative blood transfusions, use of surgical drains, other invasive procedures and length of hospital stay. The postoperative data were comprised of interval time between surgery and SSI occurrence, wound dehiscence, re-exploration and causes, type of microorganism in wound or blood culture, characteristics of the infections and mortality within a 1-year period after operation.
Statistical analysis
The McNemar's test was used to compare categorical variables between cases and controls, and the Wilcoxon signed rank test was employed for comparison of continuous variables. Matched Odds Ratios (OR) was calculated to estimate the magnitude of associations between each exposure and outcome using conditional logistic regression analyses. Test of departure from linear trend were used to decide whether a linear or categorical effect were more appropriate. All P values were two-tailed, and a P value of 0.05 or less was considered to be statistically significant.
Power analysis showed that was about 87% chance of detecting a significance difference using a two-sided test with significance level = 0.05. Data were analyzed using STATA software (version 9.0; Stata, College Station, TX).
Results
and over the last three years the infection rate increased reaching 14.8% in 2009.
The median length of ICU stay for the cases was 4 (range 2 to 82) days, whereas the median for the controls was 2 (range 0 to 41) days, (P = 0.0001). Overall mortality was high, 16.1% of cases died versus 2.3% of controls. Ten of the 87 cases died because of the SSI, representing a case-fatality ratio of 11.5%.
Conditional logistic regression analysis indicated that the best predictors of SSI following CABG were diabetes mellitus (OR, 1.9; 95% confidence interval [95% CI], 1.0 to 3.8.; P = 0.05), a NYHA class IV score (OR, 3.4; 95% CI, 1.8 to 8.4; P = 0.0001) and a protracted use of surgical drains (OR, 1.2 for each day; 95% CI, 1.1 to 1.4; P = 0.0001) ( Table 3) .
Discussion
In the current study we found a SSI total incidence of 7.9%. This incidence goes nearly into the highest limit described in the Helics report from 2006 [1] , where the range is from 2.8% to 9.0% in the different countries. Other studies report sternal infection incidence of 1.4 to 9.7% [3, 6, 9] . However, as Berg et al. [12] pointed out, comparison should be done cautiously as the methodology and definitions of infections differ. These latest authors reported in a national surveillance system for SSIs following CABG, incidences for sternal and harvest site infections of 5.1% and 8.9%, respectively. Reaching as a whole incidence of 13.9%. Although microbiologic findings were diverse, gram-positive organisms were most frequently implicated in the infections. In most of the cases, a single pathogen was implicated in infection. Bacteremias accounted for 13.8% (12/87) of SSIs, 83.3% of them occurred with Staphylococcus and were statistically more common with deep SSIs.
Strengths of this study include the use of strict definitions of casepatients and control-patients and standardized prospective surveillance methods performed by the same epidemiologist over 10 years. There are, however, several potential limitations to this study. It is possible that post-discharge surveillance was incomplete and may have missed a few infections. We believe this is unlikely to have occurred as all CABG patients with postoperative complications are routinely referred back to the cardiac surgeon for assessment. Although individual surgeons were included as variables in the analysis, it is possible that our study missed important details related to the technique or operating room personnel.
The results of this study suggest that the delayed use of surgical drains, diabetes mellitus and NYHA of 4 are associated with the development of SSI following CABG. Accordingly with this outcome, we have revised the tendencies of these factors over the last years in our records and coherently we observed an increase in the proportion of patients with diabetes mellitus, NYHA of 4 and misuse of surgical drains. These factors along with those that we underlined as limitations of our study could be associated to the increase of SSI incidence detected.
In summary, on the basis of these results, we would recommend avoiding the protracted use of surgical drains in CABG procedures and careful treatment and monitoring of diabetes mellitus. The implementation of these measures along with proper hair removal and preoperative cleansing of the patient's skin with chlorhexidinealcohol in patients undergoing CABG at our hospital is currently being evaluated. Common Odds Ratio assuming a linear trend. Abbreviations: NYHA: New York Heart American Society. biologically plausible as contributing to postoperative wound infection and two of them are potentially modifiable. We were unable to identify the presence of peripheral vascular disease associated with the development of SSI, but we think that this co morbidity could be under diagnosed. Similarly, inadequate or poorly timed antibiotic prophylaxis were not found to be risk factors for infection, as appropriate antibiotics were almost always given within 60 minutes of onset of the procedure and stopped 48 hours after. We applied the NNIS risk index to stratify the patients but, although the risk of SSI increased as the NNIS risk index score increased, as occurred to Roy et al.
[13] it was not finally an independent risk factor for SSI. Probably, due to that 80% of the patients fell into the same risk category. Berg et al. [12] found a similar result.
Drains may increase the risk of infection by causing local tissue inflammation, by providing a route of entry for microorganisms from the skin surface or by increasing the length of stay [14, 15] . Therefore, drains that are left in place for more than 24 hours following surgery could be associated with increased SSI rates. Factors that could have influenced that the median time of drainage in our patients was approximately 4 days were that the most experienced surgeon left the hospital, the manifestation of other nosocomial infections among the patients involved and the incorporation of new staff into the Intensive Care Unit who were afraid of prompt drainages removing. This matched case-control analysis showed that the risk of SSI increased with every additional day of exposure to the surgical drains (OR, 1.2; P = 0.0001). The drains were typically in place for approximately 5 days; less than 25% of the drains were in place for 48 hours or lesser. Although the use of drains varied among the cardiac surgeons so that surgical technique might be considered a confounding factor, we attempted to control for this by including individual physicians in the analysis but there was no association between surgeon experience and SSI.
